Abstract. The trypanocidal drug ethidium bromide induced abnormal circular DNA molecules with high frequency in the kinetoplast of Trypanosoma cruzi. These molecules are circular dimers, trimers, or higher circular forms with a contour length which is a multiple of the monomer length usually found in the kinetoplastic DNA of normal trypanosomes. These abnormal molecules represent more than 30 per cent of the kinetoplastic DNA, while in normal kinetoplastic DNA we only observed three circular dimers out of several thousand molecules measured.
It is now well established that the kinetoplast of trypanosomatids is a part of the mitochondrial apparatus where DNA is found in high concentration. In Trypanosoma cruzi the kinetoplastic DNA represents more than 20 per cent of the total DNA. When the trypanosomes are cultured in the presence of ethidium bromide, which is a trypanocidal drug, we described "dyskinetoplastic" trypanosomes.1 In these trypanosomes the kinetoplastic DNA was progressively lost.2' I In previous works we described a circular kinetoplastic DNA fractionated from
Trypanosoma cruzi DNA by Hg-Cs2SO4 method.4' Covalently closed circular DNA was isolated by buoyant density centrifugation in ethidium bromide CsCl density gradients. Electron microscope studies have shown that kinetoplastic DNA molecules are in the form of open and closed circles of contour length 0.45 j1s. DNA molecules are also in the form of catenanes consisting of two or more topologically interlocked circular units of the monomer size 0.45 ,u. Associations of numerous circles have also been described and confirmed by band sedimentation. Long linear DNA molecules were also seen; these molecules are free or are attached to the associations of circles. In this paper, we report electron microscope studies of the kinetoplastic DNA of trypanosomes (Trypanosoma cruzi) treated with ethidium bromide. We noted the presence of abnormal circular molecules; they are circular oligomers with a contour length which is a multiple of the monomer length usually found in the kinetoplastic DNA of normal trypanosomes.
Materials and Mlethods.-Culture of trypanosomes: Trypanosomes (Trypanosoma cruzi, strain "Institut Pasteur") were grown according to the previously described method.5 Ethidium bromide (EB) in distilled water was added aseptically to the culture medium to obtain a final concentration of 1.5 ,ug EB by ml. At this concentration EB does not effect trypanosomes' growth.
Dyskinetoplasty: Evaluation of the percentage of dyskinetoplastic trypanosomes was performed after spreading of trypanosomes on slides and coloration by Giemsa stain.
Trypanosomes were counted as dyskinetoplastic when their kinetoplast was not stained at all. Dyskinetoplastic trypanosomes were also examined with a UV microscope according to the method described in a previous work.' Preparation Figure 1 shows the microdensitometer tracings of DNA buoyant density from normal trypanosomes and EB-treated trypanosomes. The buoyant density of kinetoplastic DNA is p = 1.699 gm/ml. There is no change in the buoyant density after ethidium bromide treatment. The buoyant density of nuclear DNA is p = 1.710 gm/ml. In some experiments we noted the apparition of a second light satellite DNA of buoyant density p = 1.686 gm/ml, as previously described. 4 Fractionation of kinetoplastic DNA: Kinetoplastic DNA of trypanosomes treated with ethidium bromide was submitted to the fractionation of its molecular forms as described in a previous paper. We found a mean value of 0.40 A4 + 0.04 for contour length of molecules from band b while in band a the mean value is 0.43 MA + 0.03. This difference is due to the difficulty of measuring small supertwisted DNA molecules. Discussion.-The method using the complexing by mercuric ions in a Cs2SO4 gradient is very efficient in removing the nuclear DNA. The kinetoplastic DNA represents about 20 per cent of the total DNA of the trypanosomes. Th3 DNA content of one trypanosome has been evaluated to 1.8 X 10-1' gm,3 so that each kinetoplast contains about 3.5 X 10-14 gm of DNA. DNA molecules from the kinetoplast are circular monomers 0.45 ,u long corresponding to a molecular weight of 9 X 105 daltons.5 From these data the number of DNA molecules in each normal kinetoplast can be evaluated at about 24,000 (if we neglect the other types of molecules in very low concentration and if we consider that each trypanosome has only one kinetoplast). The role of so much DNA in this organelle is not yet well established.
Electron microscope studies of the ultrastructure of trypanosomes treated with ethidium bromide revealed alterations of the kinetoplastic DNA structure without any modification of the nuclear DNA. Ethidium bromide yields an inhibition of the replication of kinetoplastic DNA3 with a progressive loss of this DNA and production of dyskinetoplasty. Dyskinetoplastic trypanosomes are not viable; they can only survive for four weeks after transplantation each week in a new medium free of ethidium bromide. 12 MAitochondrial DNA of many organisms is now known to occur in the form of closed circular duplex molecules with a contour length of approximately 5 from normal and leukemic human donors. Vinograd established a catenane index (catenated dimers/total dimers), which is different with the evolutionary state of the leukemia. There is a difference in the distribution of types of oligomer in the DNA preparations from the three leukemic patients studied. The preparation from the two patients with clinically more advanced leukemia had a Vinograd et al. 13 have formulated a plausible scheme for the formation of oligomer by recombination. If this scheme is plausible, several enzymes could be implicated in this process. Ethidium bromide could disturb one of these enzymes and orient the recombination process to form circular oligomers instead of catenated oligomers. The mode of replication of closed circular molecules is not yet understood sufficiently to permit predictions of the possible structures that might be formed as a result of errors of replication induced by ethidium bromide. Nevertheless, the model presented by Goebel and Helinskil6 for the duplication of Col El (colicigenic factor) DNA and the formation of higher multiple circular DNA forms, and the model presented by Kiger and Sinsheimer"7 for the replication of circular DNA molecules could be applied to the duplication of kinetoplastic DNA. In these models, duplication of DNA is considered to involve initially a break in one of the phosphodiester bonds of one of the two strands of the covalently closed double-stranded circle. This endonucleolytic cleavage occurs at a specific site and generates a cohesive end for subsequent cyclization of the duplicated strand. During this process one of the strands remains in the covalently closed cyclic form and serves as a template for the other strand. After the synthesis of the complete sequence of the covalently open strand, a second endonucleolytic cleavage in the initiation region releases the duplicated strand for cyclization. In trypanosomes, ethidium bromide could occasionally block the second endonucleolytic cleavage and produce the formation of circular dimers, trimers, and higher circular molecules.
We frequently observed by electron microscopy the attachment of DNA to the membrane of the kinetoplast, 10 principally in trypanosomes treated by ethidium bromide.3 These attachments may represent sites where replication is initiated.
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